
. I 

0 
4 
U 

I 
0 
I+ 

I i Fr 

PROBLEMS OF PHARMACOLOGY IN SPACE MEDICINE 

V. Ye. Belay, P. V. Vasil'yev, and G. D. Glod 
(Academy of Sciences of the USSR) 

NASA TT F-10,410 

Translation of "Problema farmakologii v kosmicheskoy meditsine" . 
Paper presented at the 17th International Astronautical Congress, 

Madrid, 9-15 October, 1966. , 

ff 653 July 65 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON NOVEMBER 1966 



I '. 
NASA TT F-10,410 

PROBLEMS OF PHARMACOLOGY I N  SPACE MEDICINE 

V. Y e .  Belay, P. V. Vas i l 'yev ,  and G. D. Glod 
(Academy of Sciences of t h e  USSR) 

ABSTRACT 

The au tho r s  d i scuss  t h e  e f f i c i e n t  use of drugs i n  
t h e  p repa ra t ion  f o r  and medical suppor t  of d i s t a n t  space 
f l i g h t s .  Some t r e n d s  i n  t h e  poss ib l e  use of drugs during 
space  f l i g h t  are a l r eady  de tec t ab le .  
s t imu la t ion  of n a t u r a l  compensatory-adaptive mechanisms of 
organisms t o  produce increased  r e s i s t a n c e  t o  extreme 
f a c t o r s ,  p revent ion  of i n f e c t i o u s ,  neuropsychic,  and 
somatic d i s e a s e s  and r a d i a t i o n  damage, t rea tment  of c u r r e n t  
d i s e a s e s ,  and improving work c a p a b i l i t y  ( r e l i e v i n g  f a t i g u e  
and neuroemotional t ens ion ) .  
use  and some s p e c i f i c  drugs f o r  space a p p l i c a t i o n s  are 
t r e a t e d  i n  d e t a i l .  

These inc lude  

Many drugs i n  convent iona l  

The p rospec t s  of ca r ry ing  out  prolonged space  f l i g h t s  i n  o r b i t a l  s t a t i o n s  
and on l u n a r  and i n t e r p l a n e t a r y  spaceships have l e d  t o  many new problems i n  
provid ing  needed medical suppor t .  The development of e f f e c t i v e  means f o r  
main ta in ing  a medical c o n t r o l  over t h e  crew members, p r e d i c t i n g  changes i n  
their  s t a t e  of h e a l t h ,  and diagnosing man i fe s t a t ions  of d e v i a t i o n s  from 
p r e s c r i b e d  s t anda rds  and t h e  occurrence of a c u t e  o r  chronic  i l l n e s s e s  i n  
cosmonauts; - a l l  t h e s e  problems r e q u i r e  thorough s tudy  and adequate s o l u t i o n s  
f o r  t h e  p a r t i c u l a r  cond i t ions  obta ined  during each s p e c i f i c  f l i g h t ,  t h e  
s t r u c t u r a l  p e c u l i a r i t i e s  of t h e  spaceship,  and t h e  s i z e  and composition of t h e  
crew. 

/1* 

E f f i c i e n t  use of pharmacological drugs w i l l  p l ay  an important r o l e  i n  t h e  
p r e p a r a t i o n  f o r  and medical suppor t  of space f l i g h t s  over g r e a t  d i s t ances .  It 
is  a l r e a d y  p o s s i b l e  t o  d e t e c t  s e v e r a l  t rends  i n  t h e  p o s s i b l e  use of drugs 
dur ing  space  f l i g h t s  : 

s t i m u l a t i n g  n a t u r a l  compensatory-adaptive mechanisms of an organism t o  

p reven t ing  i n f e c t i o u s  , neuropsychic, and somatic d i s e a s e s ,  r a d i a t i o n  

t r e a t i n g  c u r r e n t  d i s e a s e s ;  
i n c r e a s i n g  capac i ty  t o  do work and r e l i e v i n g  f a t i g u e  and neuro- 

produce inc reased  r e s i s t a n c e  t o  extreme f a c t o r s ;  

damage, etc. 

emot iona l  t e n s  ion .  

Executing t h e s e  measures w i l l  r equ i r e  n o t  on ly  those  p repa ra t ions  which 

*Numbers g iven  i n  t h e  margin i n d i c a t e  t h e  pag ina t ion  i n  t h e  o r i g i n a l  f o r e i g n  
t e x t .  
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can now be found i n  t h e  a r s e n a l  of pharmacological means, but  a s y n t h e s i s  of 

necessary  t o  develop more convenient forms of medicines and methods used t o  
adminis te r  them wi th  a view toward t h e  s p e c i f i c  f e a t u r e s  of f l i g h t  condi t ions  
and p repa ra t ion  s t o r i n g  t i m e .  
under f l i g h t  condi t ions  w i l l  be t a b l e t s  and s ingle-use  syr inges .  

I 
new substances which w i l l  produce the  des i r ed  e f f e c t .  It i s  a l r eady  - 1 2  

Probably t h e  most a p p l i c a b l e  form of medicine 

The a r s e n a l  of medicines and medical ins t ruments  on board a spaceship w i l l  
be  determined by t h e  na tu re  and dura t ion  of t h e  f l i g h t ,  t h e  p o s s i b l e  presence 
of a phys ic ian  i n  t h e  crew, s i z e  and weight c a p a b i l i t i e s ,  and s e v e r a l  o t h e r  
f a c t o r s .  

A s  i s  known, on American and Soviet  spaceships  which have a l r eady  c a r r i e d  
ou t  space f l i g h t s  t h e r e  w e r e  included i n  t h e  medical supp l i e s  a n a l e p t i c s ,  
a n a l g e s i c s ,  a n t i r a d i a t i o n  drugs,  and many o t h e r s  ( r e f .  6 9 ) .  G. Cooper during 
h i s  l a s t  o r b i t  used a syr inge  t o  i n j e c t  i n  h i s  body dextro-amphetamine 
s u l p h a t e  (dexedr in) ,  al though t h e r e  w a s  no i n d i c a t i o n  t h a t  h i s  mental  o r  
phys i ca l  condi t ion  c a l l e d  f o r  a s t imulus  ( r e f .  5 3 ) .  As C. Berry has  poin ted  
o u t ,  a subs tance  of t h i s  type  i s  capable  of r e l i e v i n g  p o s s i b l e  f a t i g u e  i n  
a s t r o n a u t s  t o  a g r e a t  ex ten t  and of r a i s i n g  t h e i r  capac i ty  t o  do work. The 
au tho r  a t t a c h e s  p a r t i c u l a r  importance t o  t h e  use  of s t imu lan t s  during prolonged 
space f l i g h t s  and a l s o  i n  var ious  " c r i t i c a l  s i t u a t i o n s . "  

There i s  no doubt t h a t  dur ing  prolonged f l i g h t s  t h e r e  may occur symptoms 
which c a l l  f o r  t h e  use of medicine and t h i s  w i l l  r e q u i r e  c a r e f u l  diagnosing 
of t h e s e  symptoms, and consequent ly ,  a well-considered approach t o  assembling 
on-board medical  cab ine t s ,  

Along wi th  making a determinat ion of p o s s i b l e  medical symptoms f o r  which 
medicines must be adminis tered,  i t  is no less important t o  s tudy t h e  n a t u r e  of 
t h e  changes i n  t h e  r e a c t i o n s  of an organism under the  in f luence  of d i f f e r e n t  
f a c t o r s  encountered during space f l i g h t  and t h e  combined e f f e c t  which they may 
have s i n c e  "... a s i n g l e  pharmacological p repa ra t ion  may prove t o  be e i t h e r  
medicine o r  poison depending on t h e  s ta te  of t h e  organism."* 
i t  seems t o  us ,  f i n d s  confirmation i n  our d a t a  about changes i n  r e a c t i o n s  t o  
drugs dur ing  t h e  a f t e r - e f f e c t s  of exposure t o  a c c e l e r a t i o n  ( r e f .  3 6 ) .  

This s ta tement ,  

It fo l lows  t h a t  a s tudy of t h e  s p e c i f i c  f e a t u r e s  of t he  e f f e c t s  of drugs 
i n  ground l a b o r a t o r i e s  w i th  s imula t ion  of t h e  condi t ions  ob ta in ing  during 
space  f l i g h t  ( e f f e c t s  of a c c e l e r a t i o n ,  weight lessness ,  prolonged i s o l a t i o n ,  
e t c . )  and p o s s i b l e  emergency s i t u a t i o n s  (change i n  gas medium, e f f e c t s  of 
i o n i z i n g  r a d i a t i o n ,  d i s rup t ion  o f  feeding regime, and o t h e r s )  i s  n o t  only an 
important  bu t  extremely e s s e n t i a l  s t a g e  i n  prepar ing  f o r  prolonged f l i g h t s .  
A s i m i l a r  i d e a  i s  expressed by G. B. Griffenhagen ( r e f .  6 2 ) .  

Below t h e r e  is  given information which concerns two main po in t s  of - 1 3  
t h e  o v e r a l l  problem of pharmacology during space f l i g h t s ;  i nc reas ing  t h e  
r e s i s t a n c e  of an organism t o  extreme f a c t o r s  of f l i g h t  and d e s c r i p t i o n  of t h e  

*N. V .  Versh in in .  Farmakologiya, 1952 ,  p. 5 .  
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r e a c t i v i t y  t o  drugs when c e r t a i n  f l i g h t  condi t ions  are s imulated.  

Pharmacology may be one of t h e  important means of i nc reas ing  r e s i s t a n c e  of 
an  organism t o  the  e f f e c t s  of extreme f a c t o r s  of f l i g h t .  A t  t h e  p re sen t  t i m e  
t h e r e  are a v a i l a b l e  enough f a c t s  t o  show t h e  p o s s i b i l i t y  and a d v i s a b i l i t y  of 
using medicines f o r  t hese  purposes. Moreover, during p a s t  f l i g h t s  some a s p e c t s  
of t h i s  problem, as ind ica t ed  above, were a c t u a l l y  encountered ( r e f s .  5 3 ,  69). 

Of t h e  d i f f e r e n t  f a c t o r s  encountered during space f l i g h t  those which are 
most deserving of a t t e n t i o n  from the  point  of view of poss ib ly  using drugs t o  
i n c r e a s e  t h e  r e s i s t a n c e  of an organism a re  t h e  e f f e c t s  of a c c e l e r a t i o n ,  weight- 
l e s s n e s s ,  r a d i a t i o n ,  and hypoxia. 

The need t o  develop var ious  agents  t o  inc rease  t h e  r e s i s t a n c e  of an 
organism t o  t h e  e f f e c t s  of a c c e l e r a t i o n ,  i nc lud ing  drugs,  i s  condi t ioned f i r s t  
of a l l  by t h e  p o s s i b i l i t y  of occurrence of s i t u a t i o n s  wherein t h e  ex ten t  and 
du ra t ion  of t h e  effects  of a c c e l e r a t i o n  may reach the  l i m i t s  of phys io log ica l  
t o l e r a n c e  and l ead  no t  only t o  a g r e a t  decrease i n  t h e  p i l o t ' s  a b i l i t y  t o  do 
work b u t  a l s o  t o  consequences which are harmful t o  h i s  h e a l t h .  

Attempts t o  use  drugs t o  i n c r e a s e  the r e s i s t a n c e  of an organism t o  t h e  
e f f e c t s  of a c c e l e r a t i o n  have been made i n  tests conducted abroad as w e l l  as a t  
home ( r e f .  2 ,  10, 11, 2 5 ,  31, 41, 42 ,  5 5 ,  56, 63, 68). However, up t o  t h e  
p re sen t  t i m e  t h e s e  tests have not  passed beyond t h e  conf ines  of l a b o r a t o r y  
experiments conducted us ing  animals.  Furthermore, t h e  r e s u l t s  of such tests 
have been con t r ad ic to ry  even when one and t h e  s a m e  subs tance  w a s  used. 

The au tho r s  of t h i s  a r t i c l e  t r i e d  p repa ra t ions  i n  many pharmacological 
groups ( t a b l e )  i n  experiments on d i f f e r e n t  k inds  of animals.  The r e s u l t s  of 
t h e  tests showed t h a t  by changing func t iona l  condi t ion  i t  i s  p o s s i b l e  wi th  
drugs t o  i n c r e a s e  considerably t h e  r e s i s t a n c e  of an organism t o  the  e f f e c t s  of 
a c c e l e r a t i o n  a c t i n g  i n  a t r a n s v e r s e  d i r e c t i o n .  
e f f e c t  can b e  produced by va r ious  p repa ra t ions  which d i f f e r  i n  t h e  n a t u r e  of 
t h e i r  e f f e c t s :  n a r c o t i c s  and a n a l e p t i c s ,  those  which have an o v e r a l l  t o n i c  
e f f e c t  and s e d a t i v e s ,  card iovascular  agents ,  and o t h e r s .  The degree t o  which 
t h e  e f f e c t  is  expressed depends on t h e  na tu re  of t h e  p repa ra t ions ,  t h e  doses ,  
and t h e  way i n  which they are used and f o r  how long. The most f avorab le  
r e s u l t s  are obta ined  by adminis te r ing  s t rychnine ,  s e v e r a l  sympathomimetic 
agen t s  (phenamine, ad rena l in ,  no rad rena l in ) ,  and n a r c o t i c s .  The use  of t h e  
subs t ances  which have been l i s t e d  i n  optimal doses has  decreased t h e  f a t a l i t y  
rate of  animals  and t h e  degree of d i s rup t ion  of ca rd iac  a c t i v i t y  caused by 
e f f e c t s  of a c c e l e r a t i o n  (F ig ,  1) ( re fs ;  8, 13)~; 

When t h i s  i s  done a f avorab le  

/4 

Many o t h e r  au thors  have a l s o  obtained p o s i t i v e  information on t h e  
f e a s i b i l i t y  of using medicines t o  increase  r e s i s t a n c e  t o  t h e  e f f e c t s  of 
a c c e l e r a t i o n  ( r e f s ,  9, 2 4 ,  4 1 ,  4 2 ,  67, and o t h e r s ) .  

Thus, t h e r e  is  complete j u s t i f i c a t i o n  t o  assert t h a t  t h e  use of drugs i s  
a promising and important way t o  increase  t h e  resistance of an organism t o  
t h e  e f f e c t s  of a c c e l e r a t i o n .  In  t h i s  connection a ques t ion  arises about t h e  
s e l e c t i o n  of t h e  most s u i t a b l e  prepara t ions ,  t h e i r  medicinal  form, and t h e  ways 
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t o  adminis te r  them f o r  p r a c t i c a l  u se  i n  space. 
ques t ion  i t  seems t o  us  t h a t  two circumstances must b e  borne i n  mind, t h a t  
i s ,  t h e  s t a g e s  and condi t ions  of f l i g h t  and t h e  pharmacological p r o p e r t i e s  

Table The Inf luence  of Pharmacological Means on t h e  

Acce lera t ion  Acting i n  a Transverse Di rec t ion  

In  f ind ing  an answer to- t h i s  

i of t h e  p repa ra t ions .  _- 

Resis tance  of Animals t o  t h e  E f f e c t s  of 

Prepara t ions  

. _  

Narcot ics  ( t h i p e n t a l  sodium, c h l o r a l  
hydra te ,  and o t h e r s )  

Analep t ics  ( c a f f e i n e ,  corazole ,  and 
o t h e r s  ) 

Phenamine, s t rychn ine  

Phenat i n e  

Vascular  agen t s  ( ad rena l in ,  
no rad rena l in ,  ephedrine) 

N i t r o g l y c e r i w ,  d ibazol  

Cardiac g lucos ides  (strophanthin-K 

A n t i r a d i a t i o n  substances (cystamine 
and cysteamine) . 

Resu l t s  of T e s t  

I n  s m a l l  doses--increase t h e  resist- 
ance t o  e f f e c t s  of a c c e l e r a t i o n  and 
i n  l a r g e  doses decreases  i t  

No s i g n i f i c a n t  e f f e c t  

I n  opt imal  doses inc rease  r e s i s t a n c e  

Lowers r e s i s t a n c e  

Inc reases  r e s i s t a n c e  

N o  s i g n i f i c a n t  e f f e c t  

Inc reases  r e s i s t a n c e  

Lower r e s i s t a n c e  

I - 
Figure  1. Electrocardiograms of r a b b i t s  subjec ted  t o  t h e  e f f e c t s  of acceler- 
a t i o n  a c t i n g  i n  a t r a n s v e r s e  d i r e c t i o n  i n  c o n t r o l  tes ts  (A) and a f t e r  a pre- 
l imina ry  i n j e c t i o n  of s t rychn ine  (B)  : 

a--pr ior  t o  t h e  e f f e c t s  of acce le ra t ion ;  b ,  c, d--at t h e  end of t h e  l s t ,  3rd ,  
and 6 t h  minutes;  e--2 minutes a f t e r  e f f e c t s  were f e l t .  1--A; 2--B; 3--a; 4--b; 
5--c; 6--d; 7--e; 8--1 mv; 9--1 sec .  
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During t h e  f irst  s t a g e  of a f l i g h t  (spaceship 
necessary  t o  use  s p e c i a l  medicines inasmuch as t h e  

l i f t o f f )  i t  i s  ha rd ly  
t r a i n i n g  cosmonauts r ece ive  

on t h e  ground i s  e n t i r e l y  adequate t o  help them wi ths tand  t h e  e f f e c t s  of 
a c c e l e r a t i o n  s a t i s f a c t o r i l y .  When a spaceship r e t u r n s  t o  Earth symptoms may 
occur  which c a l l  f o r  t h e  use  of drugs.  F i r s t  of a l l  it must be  borne i n  mind 
t h a t  a f t e r  hypodynamia r e s i s t a n c e  t o  t h e  e f f e c t s  of a c c e l e r a t i o n  is  lowered 
( r e f s .  32,  5 0 ) .  This  circumstance w i l l  apparent ly  have p a r t i c u l a r  s i g n i f i c a n c e  
during prolonged space f l i g h t s .  
be completely j u s t i f i a b l e .  

Preparatory i n t r o d u c t i o n  of t h e s e  drugs may 

It is  a l s o  necessary  t o  bea r  i n  mind t h e  p o s s i b i l i t y  of emergency s i t u a -  
t i o n s  which w i l l  entai l  an abrupt  i nc rease  i n  t h e  g rad ien t  of s t r a i n  t o  
c r i t i ca l  va lues  due t o  acce le ra t ion .  This w i l l  r e q u i r e  t ak ing  appropr i a t e  
measures involv ing  r ap id  adminis te r ing  of medicines. 

/6 

Bearing i n  mind a v a i l a b l e  information about t h e  e f f e c t s  of medicines on 
t h e  r e s i s t a n c e  of an organism t o  t h e  e f f e c t s  of a c c e l e r a t i o n  and t h e  pharmaco- 
l o g i c a l  p r o p e r t i e s  of d i f f e r e n t  p repa ra t ions  i t  appears  l i k e l y  t h a t  t h e  most 
a p p r o p r i a t e  f o r  t h e  purposes which have been i n d i c a t e d  are s e v e r a l  sympatomi- 
metric agen t s  and agents  having an o v e r a l l  t o n i c  e f f e c t  (phenamine, s t rychn ine ,  
s e c u r i n i n e ,  and o t h e r s ) .  Such p repa ra t ions ,  i n  a d d i t i o n  t o  t h e i r  a b i l i t y  t o  
i n c r e a s e  r e s i s t a n c e  t o  t h e  e f f e c t s  of a c c e l e r a t i o n ,  have many o t h e r  p r o p e r t i e s  
which are exceedingly u s e f u l  under condi t ions  of space f l i g h t  ( r e f s .  3, 2 7 ) .  

The use  of n a r c o t i c s  and t r a n q u i l i z e r s  under these  condi t ions  would hard ly  
b e  a d v i s a b l e  s i n c e  they e i t h e r  decrease  r e s i s t a n c e  t o  t h e  e f f e c t s  of stress 
( r e f s .  13, 6 4 )  or-have p r o p e r t i e s  which are undes i r ab le  f o r  t h e  p a r t i c u l a r  
a c t i v i t y  of  cosmonauts. Recommendations about t h e  use of t r a n q u i l i z e r s  during 
space  f l i g h t  ( r e f .  6 9 )  must be accepted only a f t e r  making appropr i a t e  modifica- 
t i o n s .  
spaceship  landing  on Earth.  

Such substances may be used i n  case of need bu t  never  j u s t  p r i o r  t o  a 

Information which i s  a v a i l a b l e  a t  t h e  present t i m e  g ives  evidence of t h e  
p o s s i b i l i t y  of l a r g e  changes i n  t h e  d i f f e r e n t  systems of t he  organism under 
c o n d i t i o n s  of weight lessness  ( r e f s .  1 6 ,  1 7 ,  30, 4 7 ,  4 8 ,  4 9 ,  5 9 ,  6 1 ,  6 5 ,  6 6 ,  and 
o t h e r s ) .  
expressed can vary and depend on many circumstances such as t h e  condi t ions  and 
d u r a t i o n  of  f l i g h t ,  t h e  level  t o  which cosmonauts have been t r a i n e d  t o  with- 
s t a n d  t h e  s p e c i f i c  e f f e c t s  of weight lessness ,  r e a c t i v i t y  of t h e  v e s t i b u l a r  
ana lyze r ,  and so  on, 
system condi t ioned  by prolonged hypodynamia and a decrease  i n  a f f e r e n t  e f f e c t s  
and i n  o t h e r  cases sensory-vegetat ive d i so rde r s  which r e s u l t  i n  t h e  complex of 
symptoms t y p i c a l  of motion s i ckness  ( seas ickness)  predominate. 

The na tu re  of t hese  d i s rup t ions  and t h e  degree t o  which they are 

I n  some cases changes predominate i n  t h e  card iovascular  

For t h e  purpose of prevent ing and t r e a t i n g  t h e s e  d i s o r d e r s  which have been 
mentioned t h e  use  of medicinal  agents  on spaceships  i s  completely j u s t i f i e d .  
The s e l e c t i o n  of p repa ra t ions  must be based on t h e  vary ing  n a t u r e  of t h e  d is -  
o r d e r s  which occur .  Thus, wi th  a lowering i n  t h e  tonus of t h e  card iovascular  
system o r  o r t h o s t a t i c  d i s r u p t i o n s  seve ra l  a n a l e p t i c s  can be used success fu l ly  
(phenamine, c a f f e i n ,  and o t h e r s )  and substances which g ive  an o v e r a l l  t o n i c  
e f f e c t  ( s t rychn ine ,  s ecu r in ine ,  p repara t ions  der ived  from ginseng,  sp iny  
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e leu thracoccus ,  and o t h e r s ) .  
favorable  e f fec t  may be  obtained by in t roducing  c e n t r a l  c h o l i n o l y t i c s  
[metamizi l ]  (2-(diethylamino) propyl  b e n z i l a t e  hydrochlor ide) ,  pentaphene, and 
o t h e r s )  and s e v e r a l  adrenerg ic  blocking agents  (aminazine and o t h e r s ) ,  Un- 
ques t ionably  s p e c i a l  complex prepara t ions  which have an e f f e c t  on va r ious  l i n k s  
of t h e  pathogenesis  of t h e  s e a s i c k  syndrome ( c h o l i n o l y t i c s  and ad rene rg ic  
blocking agen t s ,  s t imu lan t s  of t h e  c e n t r a l  nervous system, an t ih i s t amines ,  and 
s e v e r a l  o t h e r s )  w i l l  prove t o  be more e f f e c t i v e .  

With t h e  occurrence of t h e  s e a s i c k  syndrome a 

Although a t  t h e  p re sen t  s t a g e  of development of radiobiology t h e  problem 
of inc reas ing  t h e  r e s i s t a n c e  of an organism t o  ion iz ing  r a d i a t i o n  w i t h  t h e  he lp  
of drugs has  found a l a r g e l y  p o s i t i v e  s o l u t i o n  t h e  recommendations which are /7 
made cannot be  used completely under condi t ions  of space f l i g h t .  This  i s  due 
f i r s t  of a l l  t o  t h e  complexity of t h e  spectrum of cosmic r a d i a t i o n  whose 
mechanism of b i o l o g i c a l  ac t ion  has  no t  y e t  been s u f f i c i e n t l y  s tud ied .  Moreover, 
under condi t ions  of space f l i g h t  an organism i s  subjec ted  t o  o t h e r  f a c t o r s  which 
act  i n  varying combinations and sequences. This  w i l l  a f f e c t  t h e  complexity of 
t h e  pa thophys io logica l  complex of symptoms of t h e  d i s o r d e r s  which occur  due t o  
t h e s e  f a c t o r s .  Therefore ,  t h e  problem of f ind ing  drugs which provide p r o t e c t i o n  
a g a i n s t  r a d i a t i o n  and which are s u i t a b l e  f o r  t h e  p a r t i c u l a r  condi t ions  of space 
f l i g h t  r e q u i r e s  a s p e c i a l  s o l u t i o n .  

Many p repa ra t ions  are now known which have been used wi th  success  i n  
c l i n i c a l  r a d i a t i o n  therapy (cysteamine, cystamine, AET, s e ro ton in ,  and o t h e r s ) .  
Some of them (cysteamine, cystamine) probably can be included i n  on-board 
medical  s u p p l i e s  as agents  f o r  prevent ing r a d i a t i o n  damage. However, i t  should 
be borne i n  mind t h a t  r a d i a t i o n  p ro tec t ion  p repa ra t ions  which are known t o  be  
e f f e c t i v e  lower t h e  r e s i s t a n c e  of an organism t o  t h e  e f f e c t s  of o t h e r  f l i g h t  
f a c t o r s ,  s p e c i f i c a l l y  t h e  e f f e c t s  of a c c e l e r a t i o n  and v i b r a t i o n  ( r e f .  4 3 ) .  
Therefore ,  t h e  ind ica t ed  substances should probably be used i n  conjunct ion wi th  
o t h e r  agen t s  which would serve t o  lessen t h e  unfavorable  e f f e c t s  of t h e  
p r e p a r a t i o n s  intended t o  provide p ro tec t ion  a g a i n s t  r a d i a t i o n  on t h e  r e a c t i v i t y  
of an organism. 

The problem of inc reas ing  t h e  r e s i s t a n c e  of an organism t o  oxygen 
i n s u f f i c i e n c y  under t h e  condi t ions  obta in ing  during space f l i g h t  i s  a p res s ing  
one because of t h e  p o s s i b l e  occurrence of emergency s i t u a t i o n s .  Using 
medicines under such circumstances w i l l  probably prove t o  be  necessary.  
Information i n  a v a i l a b l e  l i t e r a t u r e  gives  evidence of t h e  a d v i s a b i l i t y  and 
promise of  us ing  drugs f o r  i nc reas ing  the r e s i s t a n c e  of an organism t o  oxygen 
i n s u f f i c i e n c y  ( r e f s .  1, 1 4 ,  18, 19, 29,  39,  4 0 ,  and many o t h e r s ) .  Apparently 
t h e  most e f f e c t i v e  i s  complex use of prepara t ions  which serve t o  decrease  t h e  
need of  t i s s u e s  f o r  oxygen ( t r a n q u i l i z e r s ,  n a r c o t i c s ,  an t ioxydants )  and agents  
which have a t o n i c  effect  on t h e  v i t a l  func t ions  of an organism ( s t imu lan t s  of 
t h e  central  nervous system, card iovascular  s t imu lan t s ,  and o t h e r s ) .  The 
p o s s i b i l i t y  of us ing  t h e  method of hybernat ion should be  borne i n  mind ( r e f s .  
15, 23 ,  and o t h e r s ) .  However, t h e  quest ion of p r a c t i c a l  use of medicines f o r  
i n c r e a s i n g  t h e  r e s i s t a n c e  of an organism t o  oxygen i n s u f f i c i e n c y  as a p p l i c a b l e  
t o  t h e  c o n d i t i o n s  ob ta in ing  dur ing  space f l i g h t  r e q u i r e s  f u r t h e r  s tudy.  

Therefore ,  included among t h e  medicinal agents  i n  t h e  medical s u p p l i e s  of 
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a spaceship should be a group of prepara t ions  which are intended e s p e c i a l l y  f o r  
i nc reas ing  t h e  r e s i s t a n c e  of an organism t o  f a c t o r s  of space f l i g h t .  Moreover, 
i t  i s  necessary  t o  bear  i n  mind t h e  poss ib l e  occurrence i n  members of a crew 
of i l l n e s s e s  which are no t  brought on by stress f a c t o r s .  For prevent ing  and /8 
t r e a t i n g  such changes i n  an organism i t  is adv i sab le  t o  have i n  t h e  medical  
supp l i e s  of f l y i n g  c raf t  a n t i b a c t e r i a l  agents  having a wide spectrum of a c t i o n ,  
a n t i p y r e t i c s ,  a n a l g e s i c s ,  d i s i n f e c t a n t s ,  and o the r s .  The s e l e c t i o n  of agents  
and t h e i r  medicinal  forms w i l l  be  determined by t h e  condi t ions  and purposes of 
each p a r t i c u l a r  f l i g h t .  

As w a s  shown above, pharmacology i s  acqu i r ing  ever  i nc reas ing  importance 
i n  t h e  exp lo ra t ion  of space.  
cons ide ra t ion  of t h e  purposes and methods of us ing  medicines f o r  prevent ing  
and t r e a t i n g  p o s s i b l e  s i ckness  among members of t h e  crew and a l s o  f o r  increas-  
i n g  t h e i r  phys i ca l  and mental  a b i l i t y  t o  work dur ing  f l i g h t  ( r e f s .  53, 60, 69) .  

P r i n c i p a l  a t t e n t i o n  is  being devoted t o  a 

I n  ou r  opinion very l i t t l e  a t t e n t i o n  i s  being devoted t o  t h e  p e c u l i a r i t i e s  
of pharmacological dynamics of va r ious  prepara t ions  when they  are introduced 
i n t o  an organism wi th  a changed func t iona l  s ta te .  Numerous s c i e n t i f i c  tests i n  
t h e  p a s t  few yea r s  i n  va r ious  c o u n t r i e s ,  mainly i n  t h e  Soviet  Union and t h e  USA, 
have made i t  p o s s i b l e  t o  ob ta in  much information which i s  important i n  theo re t -  
i ca l  and p r a c t i c a l  r e spec t s  i n  revea l ing  t h e  phys io log ica l  mechanisms of 
changes i n  t h e  organisms of animals and man under t h e  in f luence  of such f l i g h t  
f a c t o r s  as a c c e l e r a t i o n ,  v i b r a t i o n ,  i on iz ing  r a d i a t i o n ,  prolonged hypodynamia, 
and o t h e r s .  All t h i s  i n d i c a t e s  t h a t ,  depending on t h e  s p e c i f i c  s i t u a t i o n  
ob ta in ing  i n  f l i g h t  and on t h e  t i m e  a t  which t h e  need t o  use  medicines occurs ,  
it is  p o s s i b l e  t o  encounter s u b s t a n t i a l  s h i f t s  i n  t h e  func t iona l  s t a t e  of an 
organism and, consequently,  poss ib l e  changes i n  t h e  o r d i n a r i l y  adequate  reac- 
t i o n  of an organism t o  one medicinal  agent o r  another .  The importance of t h e  
i n i t i a l  r e a c t i v i t y  of an organism t o  the use  of medicines i s  w e l l  known t o  
pharmacologis ts ,  There are coun t l e s s  examples wherein due t o  t h e  in f luence  
of f a c t o r s  i n  an e x t e r n a l  medium t h e  s e n s i t i v i t y  of an organism t o  drugs under- 
goes s i g n i f i c a n t  changes and i n  many cases acqu i re s  a pa tho log ica l  na tu re .  For 
example, t h e r a p e u t i c  doses of ca rd iac  glucosides  may have a t o x i c  e f f e c t  a f t e r  
prolonged hypoxia ( r e f ,  26)  o r  t r ansve r se  a c c e l e r a t i o n  of long du ra t ion  ( r e f .  
3 6 )  ; motion s i ckness  increases s e n s i t i v i t y  t o  apomorphine g r e a t l y  ( r e f .  38) ; 
and so on. 
problem of  r e a c t i v i t y  i n  space medicine is  q u i t e  obvious when w e  are dea l ing  
wi th  an organism being exposed t o  many f a c t o r s  i n  i t s  environment t o  which i t  
i s  n o t  accustomed and f o r  which i t  has  apparent ly  no t  y e t  developed p ro tec t ive -  
a d a p t i v e  r e a c t i o n s ,  This  s ta tement  i s  confirmed by a v a i l a b l e  s c i e n t i f i c  
in format ion  about t h e  e f fec t  on an organism of such f l i g h t  f a c t o r s  as 
r a d i a t i o n ,  a c c e l e r a t i o n ,  and a changed g a s  medium. The f a c t  should a l s o  be 
borne i n  mind t h a t  many important quest ions i n  t h e  f i e l d  of space medicine 
have been very  l i t t l e  s tudied .  
of p h y s i o l o g i c a l  e f f e c t  of prolonged weight lessness .  

I n  t h i s  connection t h e  need f o r  paying very c l o s e  a t t e n t i o n  t o  t h e  

/9 
Among the most important of them i s  t h e  p r o b l z  

What f a c t o r s  of space f l i g h t  should be  borne i n  mind i n  s tudying t h e  
p e c u l i a r i t i e s  of r e a c t i v i t y  of an organism? 
organism encounteres  under condi t ions  t h a t  are unusual f o r  i t s  v i t a l  a c t i v i t y ,  
namely : 

It seems everything new t h a t  t h e  
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dynamic f a c t o r s  ( a c c e l e r a t i o n  due t o  ascending and descending, angular  
a c c e l e r a t i o n ,  v i b r a t i o n ,  weight lessness) ;  

f a c t o r s  condi t ioned by p e c u l i a r i t i e s  of t h e  design of f l y i n g  c r a f t  
(changed hygienic  parameters of t h e  environment, l i m i t e d  mob i l i t y ,  
f a c t o r s  a f f e c t i n g  e a t i n g  and dr inking,  and so on); 

f a c t o r s  of o u t e r  space  ( d i f f e r e n t  kinds of i on iz ing  r a d i a t i o n  from t h e  
r a d i a t i o n  b e l t s  of t h e  Earth,  s o l a r  f l a r e s ,  and o t h e r s ) ;  

f a c t o r s  condi t ioned by t h e  s p e c i f i c  f e a t u r e s  of t h e  v i t a l  a c t i v i t y  of 
cosmonauts (nervous and mental  t ens ion  a s s o c i a t e d  wi th  monotonous 
ope ra to r  a c t i v i t y ,  l a c k  of  customary d a i l y  schedule ,  prolonged s t a y  i n  
chamber of l i m i t e d  s i z e ,  uniformity of surrounding s i t u a t i o n ,  g r e a t l y  
l i m i t e d  a f f e r e n t  percept ion ,  and o the r s ) .  

Na tu ra l ly  t h e  combined e f f e c t  of the  f a c t o r s  which have been i n d i c a t e d ,  
e s p e c i a l l y  during prolonged space f l i g h t ,  can cause s u b s t a n t i a l  s h i f t s  i n  t h e  
f u n c t i o n a l  s t a t e  of var ious  systems of an organism and thereby change t h e  
r e a c t i v i t y  t o  medicinal  agents .  

The au tho r s  of t h i s  a r t i c l e  have a t  t h e i r  d i s p o s a l  many f a c t s  which g ive  
evidence of t he  changes i n  the  pharmacodynamic e f f e c t s  of p repa ra t ions  from 
d i f f e r e n t  groups upon in t roduc t ion  of them i n t o  an organism exposed t o  t h e  
e f f e c t s  of a c c e l e r a t i o n  a c t i n g  i n  a t r ansve r se  d i r e c t i o n  and a changed gas  
medium. I n  t h i s  regard i t  has  been demonstrated t h a t  t h e  d i r e c t i o n  of t he  
change i n  t h e  response r e a c t i o n  of t h e  organism t o  t h e  in t roduc t ion  of t h e  
medicine may vary  and depend on many condi t ions  . The ch ief  ones among them 
are t h e  fol lowing:  

i n t e n s i t y  and t i m e  of a c t i o n  of f a c t o r ;  

primary e f f e c t  of i t  on one phys io logica l  system o r  another  of an 
organism; 

s p e c i e s ,  s ex ,  age,  and c o n s t i t u t i o n a l  f e a t u r e s  of t he  organism i t s e l f ;  

pharmacodynamic p r o p e r t i e s  of t h e  prepara t ion .  

T e s t s  which were conducted by t h e  au thors  of t h i s  a r t i c l e  on animals have 
made i t  p o s s i b l e  t o  e s t a b l i s h  a r e l a t i o n s h i p  between a change i n  t h e  r e a c t i v i t y  
t o  a medicine and mani fes ta t ion  of changes i n  an organism caused by a preceding 
e f f e c t  of a c c e l e r a t i o n  a c t i n g  i n  a t r ansve r se  d i r e c t i o n .  For example, 
a c c e l e r a t i o n s  accompanied by s i g n i f i c a n t  d i s r u p t i o n s  i n  ca rd iac  a c t i v i t y  are 
accompanied by a subsequent abrupt  i nc rease  i n  s e n s i t i v i t y  of long dura t ion  (up 
t o  2 hours )  t o  c a r d i a c  glucosides  (strophanthidin-K, convaside) ,  n a r c o t i c s  /10 
( b a r b i t u r a t e s  of b r i e f  du ra t ion ,  e t h e r ,  c h l o r a l  hydra te ,  and o t h e r s ) ,  and 
several o t h e r  p repa ra t ions .  
s e n s i t i v i t y  of t h e  organism t o  several a n a l e p t i c s  ( c a f f e i n e ,  co raso le ,  c y t i t o n e ,  
and o t h e r s ) .  
a d r e n a l i n .  

A t  t h e  same t i m e  such e f f e c t s  decrease t h e  

Changes i n  t h e  course of r e a c t i v i t y  were found i n  t h e  case of 
Depending on t h e  i n t e n s i t y  of t h e  e f f e c t s  of a c c e l e r a t i o n  and I 

I --- _ _ _ _  
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t h e  s p e c i f i c  f e a t u r e s  of t h e  reaction of t h e  organism d u r i s r o t a t i o n  on a 
c e n t r i f u g e  t h e  per iod  of a f t e r - e f f e c t s  w a s  cha rac t e r i zed  by an  i n c r e a s e ,  de- 
crease, o r  i nve r s ion  of t h e  pharmacological e f f e c t  of t h e  p repa ra t ion  (Fig.  2 ) .  
The r e s u l t s  ob ta ined ,  i n  our  opin ion ,  a r e  of g r e a t  importance since they  make 
i t  p o s s i b l e  not  only t o  understand more thoroughly the  mechanism of physiolo-  
g i c a l  d i s r u p t i o n s  i n  an organism b u t  t o  recommend wi th  a f i m e r  b a s i s  t h e  use  
of medicinal  agents  app l i cab le  t o  t h e  s p e c i f i c  condi t ions  i d  which t h i s  need 
arises. 

~- 
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Figure  2 .  S p e c i f i c  f e a t u r e s  of r eac t ion  of coronary blood flow 
(above) and blood pressure  i n  the  femoral a r t e r y  (below) 
t o  the  intravenous in t roduc t ion  of ad rena l in  0.002 mg/kg 
p r i o r  t o  s t a r t  (A) and 15 min. a f t e r  (B)  e f f e c t s  of 
a c c e l e r a t i o n  of 1 2  G ac t ing  i n  a t r ansve r se  d i r e c t i o n .  
l--min . 

Simi la r  information is  a v a i l a b l e  with r e spec t  t o  the  e f f e c t  on r e a c t i v i t y  
of an organism t o  pharmacological prepara t ions  of a changed gas medium. 
experiments  conducted by N. M. Dmitriyeva ( r e f .  26)  and o t h e r  au tho r s  show 
convinc ingly  t h a t  hypoxia inc reases  markedly t h e  s e n s i t i v i t y  of an organism t o  
c a r d i a c  g lucos ides .  Br ie f  as w e l l  as prolonged hypoxia l eads  t o  a change 
i n  t h e  r e a c t i v i t y  of an organism wi th  respec t  t o  the  e f f e c t s  of r a d i a t i o n  
( r e f s .  5 ,  6 )  and t h e  dura t ion  of s eve ra l  i n f e c t i o n s  ( r e f .  4 4 ) .  I n  t h i s  
connec t ion  t h e r e  can be found i n  a v a i l a b l e  l i t e r a t u r e  information on t h e  r o l e  

( r e f .  45 and o t h e r s ) .  

The 

of a hyperoxide gas medium i n  i n t e n s i f y i n g  t h e  e f f e c t  of several drugs - 111 

I n  t h i s  way a change i n  t h e  p a r t i a l  p re s su re  of oxygen i n  t h e  gas  mixture  
be ing  inha led  i s  accompanied by marked changes i n  the  r e a c t i v i t y  of t he  
organism w i t h  r e spec t  t o  many agen t s ,  inc luding  s e v e r a l  medicinal  p repa ra t ions .  

The information obtained from our  tests showed t h a t  a change i n  t h e  
con ten t  of t h e  carbon d ioxide  i n  t h e  gas medium being inha led  i s  a l s o  
accompanied by s i g n i f i c a n t  dev ia t ions  i n  t h e  s e n s i t i v i t y  of an organism t o  
drugs.  
w e r e  determined by the  condi t ions  ind ica t ed  above (dura t ion  and i n t e n s i t y  of 

The d i r e c t i o n  and degree of mani fes ta t ion  of t h e  changes i n  r e a c t i v i t y  
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e f f e c t ,  s p e c i f i c  f e a t u r e s  of pharmacodynamics of t h e  p repa ra t ion ,  and o the r s )  
(Fig.  3 ) .  

1 %  
250 

0 

n 

. -  . 
Figure  3. Effec t  of hypercapnic gas mixture  ‘(8--10% C O 2 )  on t h e  

du ra t ion  of e t h e r e a l  (white columns) and i n t r a n a r c o t i c  
(shaded) n a r c o s i s  i n  white  mice: o r d i n a t e  shows dura t ion  
of n a r c o s i s  i n  % of c o n t r o l  d a t a ;  a b s c i s s a  shows t i m e  of 
s t a y  i n  gas medium. 

Information on t h e  e f f e c t  of r e a c t i v i t y  of an organism produced by 
combinations of hypercapnia and hypoxia i s  of d e f i n i t e  i n t e r e s t .  The 
au tho r s  of t h i s  a r t i c l e  have conducted some tests i n  t h i s  r e spec t .  

Modern space v e h i c l e s  and a l s o  t h e  p rospec t s  of having cosmonauts work i n  
open, s u p p o r t l e s s  space do not  preclude p o s s i b l e  e f f e c t s  of prolonged angular  
a c c e l e r a t i o n s  and o t h e r  e f f e c t s  l ead ing  t o  t h e  motion s i ckness  syndrome. /12 
Ques t ions  of pharmacological prevent ion  and t rea tment  of motion s i ckness  have 
long s i n c e  been answered bu t  i n s u f f i c i e n t  a t t e n t i o n  has  been pa id  t o  t h e  
importance of t h i s  f a c t o r  from t h e  s tandpoin t  of p o s s i b l e  change i n  t h e  
r e a c t i v i t y  of an organism due t o  t h e  e f f e c t s  of such s i ckness .  Tests conducted 
by o u r  co l l eague ,  I. D. Pestov,  ( r e f s .  3 7 ,  38) e s t a b l i s h e d  t h e  f a c t  t h a t  under 
t h e  i n f l u e n c e  of motion s ickness  a change i n  t h e  f u n c t i o n a l  tonus of t h e  
vomitory c e n t e r  occurs  sooner  than  do o ther  phys io log ica l  changes and as a 
r e s u l t  of t h i s  t h e  s e n s i t i v i t y  of t h e  organism t o  apomorphine is  g r e a t l y  
inc reased .  
are n o t  l i m i t e d  t o  t h e  vomitory c e n t e r  and t h e  use  of medicines from t h e  var ious  
pharmacological  groups w i l l  make i t  poss ib l e  t o  s tudy more completely t h e  
s p e c i f i c  f e a t u r e s  of an  organism under t h e s e  condi t ions .  

Apparently t h e  f u n c t i o n a l  changes i n  t h e  c e n t r a l  nervous system 

The g r e a t  d i f f i c u l t y  of reproducing weight lessness  under l a b o r a t o r y  
c o n d i t i o n s  i s  t h e  p r i n c i p a l  reason f o r  our l i m i t e d  knowledge on t h i s  s u b j e c t .  
In  recent yea r s  prolonged hypodynamia i n  a medium o r d i n a r i l y  used f o r  immersion 
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’ has  been used by var ious  r e sea rche r s  as s t i m u l i  which model weight lessness .  
Ind iv idua l  a t tempts  have been made during such experiments t o  s tudy t h e  
r e a c t i v i t y  of an organism t o  var ious  medicines ( r e f .  70) .  However, t h i s  work 
has  been l i m i t e d  by t h e  problem of using mediators  of t h e  vege ta t iona l  nervous 
system without  devot ing a t t e n t i o n  t o  the  r e a c t i v i t y  of t h e  card iovascular  
system t o  medicines,  t he  use of which may be d i r e c t e d  toward maintaining an 
adequate l e v e l  of ca rd iac  a c t i v i t y  and tonus of t h e  p e r i p h e r a l  vessels. 
Fur ther  i n v e s t i g a t i o n  w i l l  make i t  poss ib l e  t o  throw l i g h t  a l s o  on t h e s e  
ques t ions  which are of unquest ionable  g r e a t  p r a c t i c a l  importance. 

Radiat ion is  one of t he  most thoroughly s tud ied  f a c t o r s  of space f l i g h t  
as f a r  as i t s  e f f e c t  on t h e  r e a c t i v i t y  of an organism i s  concerned. It has  
been e s t a b l i s h e d  as the  r e s u l t  of numerous experiments t h a t  i on iz ing  
r a d i a t i o n  may l ead  t o  d i s rup t ion  i n  t h e  func t ioning  of an organism. A t  t h e  
same t i m e  t h e r e  are t o  be  observed marked changes i n  t h e  adapt ive-regulatory 
func t ions  of  t he  nervous and endocrine systems which, most impor tan t ly ,  
cond i t ion  
f a c t o r s  i n  an e x t e r n a l  medium, inc luding  r e a c t i v i t y  t o  medicines ( r e f s .  7 ,  2 1 ,  
22 ,  and many o t h e r s ) .  
conducted i t  can be considered t o  be f i rmly  e s t a b l i s h e d  t h a t  t h e  r e a c t i o n s  of 
an organism which has  been damaged by pene t r a t ing  r a d i a t i o n  t o  medicinal  
p repa ra t ions  depends on t h e  degree of s e v e r i t y  of t h e  damage and the  per iod  
over  which i t  has  developed. For example, during t h e  f i r s t  few hours a f t e r  
t h e  o v e r a l l  e f fec ts  of i on iz ing  r a d i a t i o n  have been su f fe red  t h e  n a r c o t i c  
e f f e c t  of d e r i v a t i v e s  of b a r b i t u r i c  a c i d  is  no t i ceab ly  weakened ( r e f s .  20 ,  28 ,  
and o t h e r s ) .  
b a r b i t u r a t e s  i s  much g r e a t e r .  Convincing d a t a  have been obtained wi th  
r e s p e c t  t o  t h e  r e a c t i v i t y  of an i r r a d i a t e d  organism t o  e t h e r ,  n i t r o u s  oxide ,  
and several o t h e r  n a r c o t i c s  ( r e f s .  33, 4 6 ,  and o t h e r s ) .  The r e a c t i o n  of - 113 
an  organism t o  card iovascular  agents  when ion iz ing  a f f e c t i o n  is  being 
experienced a l s o  o f t e n  proceed d i f f e r e n t l y  than i n  a hea l thy  organism. 
example, i n  t h e  i n i t i a l  and l a t e n t  per iod of r a d i a t i o n  damage t h e  vasocon- 
s t r i c t i v e  effect  of ad rena l in ,  p i t u i t r i n ,  and s e v e r a l  o t h e r  substances is  
lessened  and when r a d i a t i o n  damage is  in t ense ,  t h e  e f f e c t  i s  increased  ( r e f s .  
1 2 ,  35, 51, 5 4 ,  and o t h e r s ) .  

s h i f t s  i n  t h e  r e a c t i v i t y  of an i r r a d i a t e d  organism t o  va r ious  

On t h e  b a s i s  of many experiments which have been 

During i n t e n s e  per iods  of i o n i z i n g  a f f e c t i o n  t h e  s e n s i t i v i t y  t o  

For 

Important  information is  a v a i l a b l e  on t h e  change i n  t h e  n a t u r e  of t h e  
r e a c t i o n  of an organism t o  medicinal  substances from t h e  groups of a n a l e p t i c s ,  
s t i m u l a n t s  of t h e  c e n t r a l  nervous system and hempopiesis,  chemotherapeutic 
agen t s ,  d i u r e t i c s ,  and o the r s .  

The informat ion  which @as been presented  g ives  evidence of t h e  f a c t  t h a t  
r a d i a t i o n ,  one of t h e  important stress f a c t o r s  of space f l i g h t ,  can t o  a 
s i g n i f i c a n t  degree change t h e  r e a c t i v i t y  of an organism t o  many medicinal  
subs t ances .  Knowledge of t h e  effect  of pharmacological prepara t ions  a t  
v a r i o u s  s t a g e s  
b e s t  way t o  use  them and t o  prevent  poss ib l e  complicat ions.  

of i on iz ing  damage is extremely e s s e n t i a l  f o r  s e l e c t i n g  t h e  

Hence, t h e  information w e  have obtained from our  experiments and a l s o  
in fo rma t ion  i n  t h e  l i t e r a t u r e  shows convincingly t h a t  even the  i s o l a t e d  
e f f e c t s  of  d i f f e r e n t  stress f a c t o r s  i n  space f l i g h t  are accompanied by l a r g e  
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. changes i n  t h e  r e a c t i v i t y  of an organism t o  medicines.  
experiments show t h a t  ques t ions  of r e a c t i v i t y  have g r e a t  p r a c t i c a l  importance 
f o r  space pharmacology. Indeed, without knowledge of t he  s p e c i f i c  f e a t u r e s  of 
t h e  e f f e c t  of p repa ra t ions  during t h e  var ious  s t a g e s  of space f l i g h t  medicinal  
e f f e c t s  which have been found under normal condi t ions  on t h e  Earth may n o t  
only f a i l  t o  produce t h e  des i r ed  the rapeu t i c  e f f e c t  bu t  may a l s o  l e a d  t o  
consequences which are harmful t o  t h e  organism. 
a s s e r t i o n  i s  even g r e a t e r  due t o  t h e  f a c t  t h a t  i t  i s  d i f f i c u l t  t o  provide  f o r  
observa t ion  by a physician of t h e  r eac t ions  of an organism t o  t h e  medicines 
introduced and i t  may prove impossible  t o  o f f e r  q u a l i f i e d  and s p e c i a l i z e d  
medical a id .  

The r e s u l t s  of 

The importance of t h i s  

Close a t t e n t i o n  should be pa id  t o  s tudying t h e  na tu re  of t h e  e f f e c t  on an 
organism of a complex of stress f a c t o r s  due t o  space f l i g h t ,  e s p e c i a l l y  t o  t h e  
changes which occur  i n  r e a c t i v i t y  under these  condi t ions .  
about t h e  complex e f f e c t  on an organism of a change i n  temperature  and 
a c c e l e r a t i o n  ( r e f .  58), hypoxia acce le ra t ion  ( r e f s .  3 4 ,  57) ,  i o n i z i n g  r a d i a t i o n  
and a c c e l e r a t i o n  ( r e f .  4 ) ,  and a l s o  s e v e r a l  o t h e r  combinations show t h e  need t o  
broaden i n v e s t i g a t i o n  i n  t h i s  f i e l d  f o r  t h e  purpose of s tudying t h e  n a t u r e  of 
t h e  r e a c t i v i t y  of an organism under condi t ions  c l o s e l y  s imula t ing  a c t u a l  space 
f l i g h t .  

Ind iv idua l  r e p o r t s  

Hence, t h e  problem of c r e a t i n g  a new f i e l d  of knowledge,--"space pharmacol- 
ogy", which has  been advanced by many r e sea rche r s  ( r e f s .  9 ,  36,  52, 6 9 ) ,  is  
deserving of c l o s e  a t t e n t i o n .  The p r i n c i p a l  t a s k s  of space pharmacology 
should be : 

/14 

searching  f o r  medicines which inc rease  t h e  r e s i s t a n c e  of an organism t o  
t h e  unfavorable  e f f e c t s  of f l i g h t  f a c t o r s ;  

s tudying  t h e  n a t u r e  of t h e  pharmacodynamics of va r ious  p repa ra t ion  a g a i n s t  
a background of changed r e a c t i v i t y ;  

developing doses and methods f o r  in t roducing  var ious  medicines under t h e  
Condit ions ob ta in ing  during space f l i g h t ;  

u s ing  drugs ( a s  ana lyzers  of phys io logica l  func t ions)  f o r  i d e n t i f y i n g  
t h e  mechanisms by which f l i g h t  f a c t o r s  act  on an organism. 

Solv ing  t h e s e  t a s k s ,  which are so  important f o r  space f l i g h t ,  can b e  done 
s u c c e s s f u l l y  only  on condi t ion  t h a t  r e p r e s e n t a t i v e s  of var ious  s p e c i a l t i e s  such 
as pharmacologis ts ,  chemists who s p e c i a l i z e  i n  s y n t h e t i c  methods, phys io log i s t s ,  
and c l i n i c i s t s  be drawn i n t o  t h e  work. 
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